We present the results of Solar and Heliospheric Observatory Ultraviolet Coronagraph Spectrometer (SOHO/UVCS) and Yohkoh Soft X-Ray Telescope (SXT) observations above an active region complex (AR 8194, 8195, and 8198) at the southeast limb on 1998 April 6-7. This active region complex appears to be the base of a small streamer seen by the Large Angle and Spectrometric Coronagraph Experiment (LASCO/C2) at the southeast limb. The UVCS was offset-pointed to observe low in the corona from 1.22 up to 1.6 R with normal pointing. High-temperature lines such as [Fe xviii] 974 and Ne ix 1248 were present in this region, implying that the electron temperature is higher than that in the quiet-Sun corona. This region of the corona is also seen as particularly bright in the Yohkoh/SXT, SOHO EUV Imaging Telescope high-temperature filter (Fe xv 284) and SOHO/LASCO C1. The electron temperature analysis indicates a two-temperature structure, one of $1:5 Â 10 6 K, which is similar to that observed in quiet-Sun streamers, and the other at a high temperature of $3:0 Â 10 6 K. This two-temperature region likely corresponds to two distinct coronal regions overlapping in the line of sight. We compare the electron temperature and emission measure results from the SOHO/UVCS data with those from the Yohkoh/SXT data. The absolute elemental abundances show a general first ionization potential effect and decrease with height for all the elements. This is consistent with the effect of gravitational settling, which, however, cannot totally account for the observed elemental abundances. Other mechanisms that are likely to affect the coronal elemental abundance are discussed.
INTRODUCTION
Active regions are those regions on the Sun that are most complicated in structure and dynamics. They are the brightest structures seen in EUV and X-rays and are often associated with sunspots. Magnetic loops are prominent in these regions and can extend high up into the corona. The magnetic field configuration within the active regions is complex and rapidly varying in space and time. As a result, it often produces transient phenomena such as jets, flares, and coronal mass ejections (CMEs) by emerging magnetic flux and magnetic reconnection.
The fact that active regions appear particularly bright in high-temperature emission may indicate high electron temperatures, along with possibly higher density, especially in the loop structure. Fludra et al. (1997) report that loops with different temperatures can coexist within an active region, but often at different spatial locations. The temperatures range from transition-region temperatures of a few Â 10 5 K to coronal temperatures of up to 2 Â 10 6 K. Observing in the corona at the limb above an active region, Feldman et al. (1998a Feldman et al. ( , 2000 identified lines emitted by high-ionization ions of Ar, Ca, Fe, and Ni that imply electron temperatures ranging from 2 Â 10 6 to 8 Â 10 6 K, although the actual coronal temperatures may be lower than the peak temperature of formation. The presence of these high-temperature lines was especially interesting since temperatures this high were not commonly seen in the corona, in which lines formed below 2 Â 10 6 K usually dominate (Raymond et al. 1997; Feldman et al. 1997) . As the Sun goes toward its maximum phase, these hightemperature lines become a more common feature above the active regions (D. Innes 1999, private communication) . In this paper, we report a coronal observation above a group of active regions where high-temperature lines are present at heliocentric heights as high as 1.6 R .
Elemental abundances in the corona exhibit variations among different structures (e.g., Feldman et al. 1998b; Laming et al. 1999; . It was known for more than a decade that coronal abundances show a first ionization potential (FIP) effect, in which low-FIP elements (FIPd10 eV) are enhanced relative to high-FIP (FIPe10 eV) elements when compared to their photospheric values. Feldman et al. (1998b) found no FIP enhancement in the polar coronal hole, and low-FIP elements enhanced by a factor of 3-5 above the quiet equatorial region. This agrees with the solar wind measurements that show a factor of 3-5 FIP enhancement in the slow solar wind, which dominates the equatorial latitudes, and a factor of 2 enhancement in the fast solar wind, which emanates from the coronal holes (e.g., Geiss, Gloecker, & von Steiger 1995) .
In the active regions, the FIP effect generally exists, but the FIP bias varies among active regions and even within the active region itself (see review in Raymond et al. 2001 ).
Most of the observations so far measure the FIP bias in terms of the relative abundance of low-to high-FIP elements. There are only a few measurements of the absolute abundance (i.e., relative to hydrogen) available for the active regions. For example, Raymond et al. (1997) obtained the absolute abundances at 1.5 R for an active region streamer as well as for the quiescent streamer during the solar minimum in 1996. They showed that for the active region streamer, the low-FIP elements had abundances close to photospheric, while the high-FIP elements were depleted relative to their photospheric values by a factor of 3-4. White et al. (2000) combined radio and EUV spectral data and found that the absolute abundance of Fe in an active region is 4 times its photospheric value. This indicates that the absolute abundance may vary with height. Comparing the absolute abundances in the equatorial streamer region measured close to the limb (Feldman et al. 1998b) and those measured higher up in the corona at 1.5 R (Raymond et al. 1997) , they are found to decrease with height (Raymond 1999) . This is explained as gravitational settling, which is more effective in closed loops where no significant outflow occurs. Here we further demonstrate this property by measuring the absolute elemental abundances in the corona above an active region complex along a range of heliocentric heights.
In this paper we present the results of an observation above an active region complex at the southeast limb on 1998 April 6-7 by the Ultraviolet Coronagraph Spectrometer (UVCS; Kohl et al. 1995) on board the Solar and Heliospheric Observatory (SOHO). In x 2 we describe UVCS observations and demonstrate the high electron temperature characteristics of this region. In x 3 we analyze in detail the coronal physical properties, namely, the electron temperature, electron density, emission measure, and absolute elemental abundances, and compare them with the Yohkoh Soft X-Ray Telescope (SXT; Tsuneta et al. 1991) results. In x 4 we summarize our results and compare them with observations of the same active region complex obtained one-half solar rotation earlier with UVCS (Ciaravella et al. 2002) and one-half solar rotation later with the SOHO Coronal Diagnostics Spectrometer (CDS; Schmelz et al. 2001 ).
OBSERVATION
The UVCS instrument aboard the SOHO spacecraft is designed to observe the solar corona from 1.4 to 10 R in its normal pointing mode. With the adjustment of the pointing stage mechanism, it can be offset-pointed toward the solar disk. It has two UV spectral channels and a white-light channel. The two UV channels, each with an adjustable entrance slit and grating mechanism, measure UV spectra of the solar corona. They are (1) the LYA channel, which, with optimal observation designed around the Ly line at 1215.67 Å , observes in the wavelength range of 1100-1361 Å , and (2) the OVI channel, which, with optimal observation designed around the O vi 1032/1037 doublet lines, observes in the range of 940-1120 Å (470-560 Å in second order). The OVI channel also has a redundant path in which the light dispersed by the grating is further reflected by a mirror before it reaches the detector. This OVI redundant channel is designed to observe the Ly line and covers the range of 1160-1272 Å (580-636 Å in second order). For a detailed description of the instrument, see Kohl et al. (1995) .
The UVCS observations were made from 13:27 UT, 1998 April 6 to 14:20 UT, April 7. The observations were mainly divided into two parts. First was a grating scan at $1.58 R , and second was a radial scan from 1.22 to 1.60 R , both at a position angle (P.A.) of 120
. There was also a short observation at $1.48 R , where the grating position for the OVI channel was selected to observe the Mg x 625 line (we thus call it the '' Mg '' data). Table 1 lists the sequence of the observations and Figure 1 shows the lowest and highest OVI channel slit positions of the radial scan on the EUV Imaging Telescope (EIT)-UVCS composite image. The four lowest heights in the radial scan lie below the nominal range of UVCS and were observed by offset-pointing. Note that the observed heights are obtained by correcting for the mirror-grating cross talk (the pointing of the mirror mechanism is changed by a small amount with the moving of the grating mechanism) and the pointing-stage calibration (see Kohl et al. 1995 for more details). The slit widths for both the LYA and OVI channels are 35 lm from 1.22 to 1.35 R and 50 lm from 1.40 R and above. The fields of view are thus 10 00 Â 40 0 and 14 00 Â 40 0 , respectively. The binning of detector pixels is chosen so that the spatial resolution is 70 00 , and the spectral resolution is 0.287 Å for the Ly detector and 0.2 Å for the O vi detector. The chosen grating positions for the radial scan give spectral ranges of 1142.3-1285.7 Å for the Ly channel, 942.3-1042.6 Å (471-521 Å in second order) for the OVI primary channel, and 1179-1191 Å (589-595 Å in second order) for the OVI redundant channel.
The target of the observation was the corona above an active region complex at the southeast limb. AR 8194 and 8195 appeared at the east limb at around April 5 followed about 1.5 days later by AR 8198, which was about 23 away in longitude. The heliographic latitudes were S18, S27, and S28 for AR 8194, 8195, and 8198, respectively. Figure 2 shows the Yohkoh/SXT, SOHO/EIT 284, SOHO/LASCO C1, and SOHO/LASCO C2 images on late April 6. We can see that this active region complex is particularly bright compared to other parts of the Sun at that time. As to the question of whether these active regions are associated with a coronal streamer, we examined the LASCO C2 movie. We found that the small, thin streamer (as indicated by the small arrow on the C2 image in Fig. 2 ) just north of P:A: ¼ 120 at around P:A: ¼ 117 appeared at the limb around 18:00 UT on April 5 and reached its highest latitude at $12:00 UT, April 6, then started to move southward. The big bright streamer to the south, however, stayed at around the same P.A. ($130 ) and gradually moved up for many days until April 13. Thus, we conclude that it is that small streamer that is most likely to be associated with these active regions, not the big streamer, which seems to correspond to structures that are extensive in heliographic longitude. Figure 3 plots the UVCS spectra at 1.22 R averaged over 280 00 (about AE6 ) of the slit centered around P:A: ¼ 120 for both the LYA and OVI channels. Besides the usual coronal lines, some high-ionization lines (indicated by bold letters), such as Fe xvii 1153, [Fe xviii] 974, Ne ix 1248, and [Ca xiv] 943, are particularly bright compared to the quietSun corona. These high-ionization lines are still visible at higher heights up to 1.6 R . This indicates that this region is hotter than the '' average '' solar corona. Figure 4 plots the limb synoptic map for Yohkoh/SXT, SOHO/EIT 284, and SOHO/EIT 195 from 1998 January 10 to June 24 (Li, Jewitt, & LaBonte 2000) . These are the limb intensities averaged from 1 to 1.015 R with position angles in increments of 1 . The brightest spot (indicated by an arrow on the SXT plot) during this period is from April 4 to April 8 with position angle extending from $100 to 120 . The time and position is consistent with the latitude at which this active region complex was near the east limb, as well as the small streamer in the LASCO C2 white-light images (as discussed above; see Fig. 2 ). We can see that this active region complex is particularly bright in Yohkoh/SXT and EIT 284 and does not stand out in the EIT 195 map. This is consistent with the UVCS observation that the brightness of the corona above this region is at least partially due to a higher electron temperature and probably to a larger electron density along the line of sight as well. Figure 4 also shows that the coronal brightness was enhanced on March 22. At the time, the active region complex was on the west limb of the Sun (AR 8178, 8179, 8176) half a solar rotation before. The synoptic map shows that the high temperature was maintained in this part of the corona for half a solar rotation. When the active region complex reappeared on the east limb on April 6, the X-ray emission was still strong. Between 1998 March 20 and 24, several CMEs originated from the active region complex and were recorded by EIT and LASCO. In particular, after the CME on March 23, the UVCS spectra showed a very bright narrow feature in hot lines of [Fe xviii] 974, Fe xvii 1153, Ne ix 1248, and [Ca xiv] 943. This feature has been interpreted as evidence of a post-CME current sheet. The analysis of these data appears in Ciaravella et al. (2002) . When this active region complex rotated back to the west limb, an isolated loop above it was observed on 1998 April 20 by Schmelz et al. (2001) using SOHO/CDS and Yohkoh/SXT. They found that the loop is not isothermal but has a significant temperature gradient. Figure 5 plots the '' images '' of various lines constructed from the intensities along the slit at nine heights. In the horizontal direction is the length of the slit, which is positioned perpendicular to the radial line of P:A: ¼ 120
, with left toward the south. Vertically upward is the heliocentric height from 1.22 to 1.60 R . Corrections for line blends and stray light are discussed in xx 3.1 and 3.2. The region within the dotted lines indicates the part of the slit extracted to be compared in detail with the Yohkoh/SXT observation (280 00 in length centered around P:A: ¼ 120 ; see x 3). We can see that the high-and medium-temperature lines (i.e., from ) of the slit at around P:A: ¼ 110 . This indicates that this high-temperature region in the corona is more likely to be associated with AR 8195 and/or AR 8198 (at latitude around S27). The lower temperature region toward the north may be associated with AR 8194, which is 10 lower in latitude than AR 8195.
DATA ANALYSIS
For a more detailed analysis, we extract a region of 280 00 around the center of the slit, which is $130 00 from P:A: ¼ 120 toward the south and $150 00 toward the north (see Fig. 5 ). The extracted region subtends an angle in latitude ranging from $14 at 1.22 R to $10 at 1.6 R . This region is where the emission of the high-temperature lines is concentrated. The data have been wavelength and radiometrically calibrated for both first-and second-order lines using the latest calibration data. Uncertainties in the radiometric calibration are within 20% (1 ) for first-order lines and up to 50% for second-order lines (Gardner et al. 2000 we fit with a two-Gaussian profile plus background. For weak lines, the statistics are not good enough to give a reliable Gaussian fit, and it may be better to obtain the line intensity by summing over the counts above a chosen background level. We do the fitting using these various approaches. We then choose among the fitting results for a given line by examining various factors, such as consistency , and C2 (bottom right) images on late 1998 April 6. The Yohkoh/SXT image was taken at 23:36 UT. The EIT 284 image was taken at 19:06 UT. The C1 and C2 images were taken at 21:32 UT and 21:27 UT, respectively. The regions extracted for Yohkoh/SXT analysis are plotted on the SXT image. The small arrow on the LASCO C2 image points to the small streamer that is likely to correspond to the active region complex studied in this paper.
in the fit, line widths, and raw counts. The variations in the fitting results from different methods are considered in making the error estimates for the resulting line intensities.
Flat-Field and Stray-Light Correction
The Ly detector high voltage (HV) was lowered in 1997 September and a flat-field calibration was run under the new HV setting. We use this flat-field calibration result to perform the flat-field correction on the Ly channel data. Most lines we observe at this LYA grating position are not affected by the flat-field correction except for [S x] 1196, [Ni xiv] 1174, and Si iii 1206 ($15%-25% difference). There are some apparent line features (e.g., around 1162, 1188, 1193, and 1198 Å ; see Fig. 3 ) that are artifacts resulting from dividing a small scattered-light background by a very small efficiency at the isolated worn spots on the detector.
Stray-light subtraction is not usually needed for UVCS data thanks to the effective rejection of stray light by the internal occulter. However, the offset-pointed observations presented here were made below the nominal height range of UVCS, and the observations in the normal mode were also somewhat underocculted. Therefore, we must correct for significant stray-light levels in Ly, Ly, Ly, O vi 1032, O vi 1037, and N v 1238, since these lines are also among the strongest lines emitted by the solar disk (Vernazza & Reeves 1978) . We subtract their stray-light component based on the measured C iii 977 and Si iii 1206 line intensities, as these lines are entirely stray light. The ratio of the stray-light component of these lines relative to the measured C iii 977 or Si iii 1206 line flux is assumed to be the same as the ratio of these lines based on their assumed disk intensities. We have made calibration exposures with the internal occulter deliberately pulled back and verified that both the distribution of stray light along the spectrograph slit and the relative intensities of stray-light lines match those observed here.
For the assumed disk intensities, we have tried two cases. The first case is to use those for the quiet Sun measured by Vernazza & Reeves (1978) . The second case is to include the contribution from the active regions in addition to that from the quiet Sun, which we describe below. 
No. 2, 2002 HIGH-T e CORONA ABOVE ACTIVE REGION COMPLEX
The disk line intensities from Vernazza & Reeves (1978) were measured during solar minimum in [1973] [1974] . The data discussed in this paper were taken during 1998, halfway toward the solar maximum. The absolute full-disk EUV photon flux measured by CELIAS/SEM shows that the EUV flux (260-340 Å ) had increased by 50% from the solar minimum in 1996 to 1998 6 (CELIAS/SEM is an experiment on the SOHO spacecraft; Ogawa et al. 1998) , which is probably due to the increasing number of active regions toward the solar maximum. Therefore, we can expect that there will be some contribution from the active region component to the disk stray light in the data. This active region complex is particularly bright compared to the average active regions during this time. However, these active regions only subtend a part of the solid angle subtended by the solar disk as seen from a given height above the Sun. Looking directly above the active region at the limb (i.e., at the '' point of closest approach '' in the plane of the sky), the solid angle subtended by the Sun (with radius R s ) at height r from the Sun center is (Noci, Kohl, & Withbroe 1987) 
Taking the size of the active region to be equivalent to a sphere of radius R 1 at the solar surface (i.e., at 1 R ), the solid angle subtended by the active region is thus
The total disk intensity at r integrated along the line of sight with contribution from both the active region and the rest of the disk (assumed quiet Sun) is estimated as
where I AR and I QS are the disk intensities for the active region and quiet Sun in Vernazza & Reeves (1978) , respectively, and f los is a reduction factor for the line-of-sight integration. This factor is estimated by integrating along the line of sight the solid angle subtended by the active region at one given point in the line of sight multiplied by the dilution factor (both are smaller while going away from the plane of the sky). Taking R 1 $ 0:1R s by examining the solar images when these active regions are around the disk center (also see Fig. 4 ), we find that f los ranges from 0.3 to 0.6 for r from 1.25 to 1.60 R . We thus approximate f los to be 0.5. The adopted disk intensities are then calculated for the lines of concern at all observed heights. They differ from the quietSun intensities by a wide range. For example, they are 15% higher in Ly and C iii 977 at 1.22 R and down to 5% higher at 1.6 R , and for Ly and O vi 1032, they are 60% higher at 1.22 R and down to 20% higher at 1.6 R . As we examine the resulting line intensities after the straylight subtraction, the second approach shows signs of oversubtraction. The '' actual '' disk intensity ratios may lie somewhere in between the two cases. We choose to adopt the first case (i.e., the quiet-Sun stray-light ratios) for our stray-light subtraction. The stray-light subtraction does not affect the determination of the electron temperatures, but affects the elemental abundance results, which we discuss in x 3.5. Table 2 are the line fluxes from the grating scan and the '' Mg '' observation, a single observation designed to measure the Mg x 625 line. Si iii and C iii lines are either too faint to be detected or not on the detector in these two sets of data, so there is no stray-light correction. The LYA channel slit is 37 00 (0.038 R ) higher than the OVI channel slit when seen projected on the plane of the sky. We take this into account by interpolating the line intensities in the LYA channel to where the OVI channel slit is. The heights referred to in this paper are for the OVI channel. Figure 6 plots the O vi 1032/1037 intensity ratio along the slit at 1.22, 1.3, 1.4, 1.5, and 1.6 R . The region extracted to compare with the Yohkoh/SXT result is marked by the shaded area (cf. Fig. 5 ). The O vi 1032/1037 intensity ratio can be used as an indicator of the outflow speed of the ions because of the Doppler dimming effect (Hyder & Lites 1970; Noci, Kohl, & Withbroe 1987; Strachan et al. 2000) . The O vi 1032/1037 doublet lines consist of a radiative component that is produced by resonant scattering of the O vi line radiation from the disk and a collisional component that is produced by collisional excitation by the electrons in the corona. The 1032/1037 ratio of the collisional components is 2 (from the statistical weights of the transitions). The radiative component of the line emission is subject to Doppler dimming, which depends on the radial outflow speed of the ions. At zero outflow, the ratio of the radiative component is 4 (a factor of 2 from the statistical weights and a factor of 2 from the disk emission itself). When the outflow is less than 100 km s À1 , the 1032/1037 ratio is between 2 and 4, depending mainly on the outflow speed and the electron density (and weakly on the electron temperature). When the outflow exceeds 100 km s À1 , the ratio goes below 2 because of the pumping of O vi 1037.6 by C ii 1037.0 (Noci, Kohl, & Withbroe 1987) . Figure 6 shows that in the region of interest (shaded area), the ratios are all larger than 2, which implies that the corona has an outflow velocity no higher than 100 km s À1 . In addition, the ratios increase with increasing height. Given that the elec- On the x-axis, 0 00 corresponds to P:A: ¼ 120 , and negative numbers are toward the south. The uncertainty of the ratios is estimated to be 5% based on the intensity measurements. Grating scan data at
Line Intensities
Err1 is in measurement: (1) less than 10%; (2) less than 20%; (3) less than 30%; (4) more than 30%. tron density has a larger effect in the O vi 1032/1037 ratio than the electron temperature and that a larger electron density results in relatively more contribution from the collisional component of these O vi lines, this implies that the electron density decreases with height with no significant increase in outflow speed. Previous measurements of the O vi doublet ratios along the streamer axis indicate that there is no detectable outflow until a height higher than 3.5 R (Kohl et al. 1997; Strachan et al. 2002) . The radiative and collisional components for Ly, Ly, Ly, O vi 1032, and O vi 1037 are further separated using the same method as in Raymond et al. (1997) . All other lines are assumed purely collisional. Since we were observing the corona right above these active regions, we should take into account the radiative scattering of the disk photons from these regions. We thus adopt the Ly and Ly disk intensities calculated from equation (3) to separate their radiative and collisional components. The Ly/Ly radiative component ratio adopted here ranges from 504 at 1.22 R to 633 at 1.6 R , compared to the adopted value of 910 in Raymond et al. (1997) for the solar minimum streamer and 726 from the quiet-Sun values of Vernazza & Reeves (1978) . The lower value is reasonable, since with significant contribution from active regions, we expect the Ly/Ly intensity ratio to be smaller (cf. the quiet-Sun and active-region line intensities in Vernazza & Reeves 1978) . Table 2 lists the intensities before the separation as well as the collisional component for Ly and O vi 1032. We use the collisional component of these lines in the subsequent analysis for electron temperature and elemental abundance.
Atomic Rates
The collisional excitation rates are mostly adopted from the CHIANTI database, Version 3.01 (Dere et al. 1997 (Dere et al. , 2001 , and the ionization equilibria of Mazzotta et al. (1998) are adopted. The excitation rates and ionization balance are similar to those assumed in our earlier abundance analysis (Raymond et al. 1997) , except for the Ca x ionic fraction, which varies widely among different calculations. Landi, Feldman, & Dere (2002) show that the Ca x ionization balance given by Mazzotta et al. (1998) is in line with those of other Na-like ions, but the Na-like isosequence as a whole does not fit in with other sequences. We therefore consider Ca x to be uncertain. There are modest differences in the emissivities of Si viii, Si ix, S x, Fe x, Fe xii, and Fe xiii.
At densities above 10 7 cm À3 , the collisional excitation rates become density dependent for some lines, in particular [Si viii] 944, [S x] 1196, and [Fe xii] 1242. In this paper, we use CHIANTI to compute the density-dependent emissivities for these lines and use those at a density of 10 8 cm À3 (cf. Parenti et al. 2000) . The density may be higher at the lowest heights and decline to lower values. We consider the possible effects on the derived abundances separately, in particular on the sulfur abundance.
In the case of the Ne ix 1248 line, we have used calculations from the APEC/APED code (Smith et al. 2001 ). Recombination to excited levels, which is not included in CHIANTI, makes a significant contribution to this line.
The most problematic atomic rates are those for the [Fe x] and [Fe xii] lines. Landi et al. (2002) find that the three [Fe x] lines in their spectrum are completely inconsistent with each other, even though they arise from the same upper level. They measure an intensity for the 1028 line an order of magnitude below that expected and suggest that the line is misidentified. However, we find in this and in spectra of other streamers that the 1028 line closely follows the spatial distribution of lines formed at about 10 6 K. We also find that the measured intensity fits well with those of other ions at this temperature, both in our spectra and in the SUMER off-limb spectrum of Feldman et al. (1997) . We therefore include [Fe x] in the analysis, but bear in mind the possibility that the interpretation may be modified by more detailed calculations of the excitation rate in the future. Landi et al. (2002) Tayal & Henry (1988) emissivities in CHIANTI by a factor of 0.43. This factor applies to a density of 10 8 cm À3 , which is effectively the low-density limit and should apply to the entire density range of our observations. Landi et al. (2002) find a less extreme correction factor, but that analysis includes an assumed iron abundance and pertains to a somewhat higher density plasma. We therefore prefer the Binello et al. (2001) emissivity, but again, bear in mind that future computations of the emissivities may require adjustments to the analysis.
Finally, we use the predicted emissivity of the Fe xvii 1153 line, although the accuracy may be lower because this line includes strong contributions from cascades from higher levels and from resonances in the excitation cross sections (Smith et al. 1985; Chen & Pradhan 2002) . The current version of CHIANTI used Bhatia & Doschek (1992) collision strengths for excitation to n ¼ 3 and Zhang & Sampson (1989) for n ¼ 4. Neither calculation includes resonances, and cascades from n > 4 increase the emission by more than 10% (Liedahl 2000) . 7 Based on a comparison with the Smith et al. (1985) emissivities, we suspect that the CHIANTI rates are low by 20%-30%.
CHIANTI does not include hydrogen, so we use the excitation rates of Raymond et al. (1997) , which include recombination. These agree closely with the recent work of Laming & Feldman (2001) .
Electron Temperature
The LYA and OVI channel grating positions allow us to observe lines from several ionization stages of Si and Fe (see Table 2 ). The electron temperature can then be calculated from the line ratios of ions from the same element. In coronal conditions, the electron density is low enough that the lines are produced by electron collisional excitation followed by spontaneous emission. For an isothermal plasma, the line emission is thus
where n el =n H is the elemental abundance relative to hydro-7 See http://heasarc.gsfc.nasa.gov/docs/heasarc/atomic.
gen (absolute abundance), n ion =n el is the ionic fraction, which is a function of the electron temperature, B line is the branching ratio for the line transition, q line is the electron excitation rate, which is a function of the electron temperature only in the low-density limit, and R n e n H dl is the emission measure (in cm À5 ) at a given electron temperature. The ratio of two lines from the same element thus eliminates the dependence on the emission measure and elemental abundance and can be assumed as a function of the electron temperature only.
We Figure 7 plots the resulting electron temperature from various line ratios of Si and Fe lines at all heights. The uncertainty for T e varies with the uncertainty in the measured line fluxes and the atomic rates, as well as the dependency of the line ratio on the electron temperature. It is, in general, estimated to be 0.07 in log 10 scale. It can be seen that the temperature distribution seems to be mainly clustered into two temperatures, one around 1:5 Â 10 6 K, and the other around 3 Â 10 6 K. It is interesting to note that the lower temperature value is similar to that in the streamer measured by Raymond et al. (1997) and Parenti et al. (2000) . The electron temperature is pretty much constant from 1.22 to 1.6 R , although there seems to be a tendency of increasing T e with height for the low-temperature gas and decreasing T e with height for the high-temperature gas.
If we assume that the corona above this active region complex has a two-temperature structure along the line of sight, Figure 8 plots the resulting T e as a function of height for the two-T e corona. The '' low-T e '' corona is averaged from the line ratios of Si viii/Si xii, Fe x/Fe xii, Fe xv/ Fe xii, Fe x/Fe xiii, Fe x/Fe xv, and Fe xiii/Fe xv. The '' high-T e '' corona is averaged from the line ratios of Fe xv/ Fe xvii, Fe xviii/Fe xvii, and Fe xviii/Fe xv. The Fe xiii/ Fe xii ratios are not used because of their much larger sensitivity to the uncertainties in the line ratios. Note that Si xii 499 and Fe xv 481 have nonnegligible contributions at both temperature ranges. We assume that the low-T e gas takes 50% and 25% of the total intensity of Si xii and Fe xv, respectively, and the rest of the line intensity goes to the high-T e component. This estimate is a first-order approximation from our subsequent emission measure analysis in the next subsection. Note that even a factor of 2 change in these line ratios gives a T e well within the estimated uncertainty range of D log 10 T e ¼ 0:07.
Also plotted in Figure 8 is the T e derived from the Yohkoh/SXT observations taken from 09:09 UT, 1998 April 6 to 11:09 UT, April 7. The data were averaged over P:A: ¼ 120 AE 5 with increments of 0.05 R . The SXT Science Composite (SSC) images with filter pairs Al.1 and AlMg were used to derive the SXT emission measures and electron temperatures (these SSC files are stored at Montana State University under the management of the physics department). The SSC files are made from raw X-ray images by combining short and long exposures with careful removal of dark current and scattered light (L. Acton 2001, private communication) . In order to compare the SXT and UVCS measurements, we calculate theoretical X-ray spectra developed by Raymond & Smith (1977) using the elemental abundances measured by UVCS (see the next subsection). The SXT response function is obtained by combining the theoretical X-ray spectra with the SXT effective area (see Li et al. 1998 for a detailed method of analysis). The SXT temperature and emission measure are then derived from the SXT response function. To be consistent with the time of observations at a given height, we select only those SXT exposures observed during the same time period and take the average. There are two heights (1.30 and 1.45 R ) for which there is no SXT observation. We then interpolate between the two adjacent heights. The comparison shows that the electron temperature of the high-T e region derived from the UVCS data is consistent with that derived from the soft X-ray emission from Yohkoh. The temperature derived from SXT band ratios is expected to be an average of the high and low temperatures, strongly weighted toward the high temperature by the higher emissivity of the hotter plasma in the Yohkoh bandpasses.
Elemental Abundance and Emission Measure
Equation (4) indicates that in coronal conditions, the line emission is determined by the electron temperature, electron density (in the form of the emission measure), and also the elemental abundance. If we assume two discrete T e regions and that the elemental abundances in the two T e regions are the same, the line intensity (photons s À1 cm À2 sr À1 ) can then be expressed as
with contributions from both the high-and low-T e material. Although the temperature in the corona may actually be a continuous distribution, assuming a discrete twotemperature corona gives us the advantage of minimizing the free parameters needed to derive the elemental abundance and emission measure at the same time. Figure 7 indicates that even if the temperature distribution is continuous in the corona along the line of sight, it is very likely that it is clumped around two temperatures with widths narrow enough to distinguish the two-temperature regions. Figure 9 is a plot of the emissivities versus electron temperature for those lines that are used to derive elemental abundances. The emissivity is defined as
where n el =n H j ph is the photospheric absolute elemental abundance. It shows that the lines predominantly produced in the low-T e region are [ (5). It is then necessary to separate the high-and low-T e components for these lines. This is particularly important for Ly, because this is the line we use to derive the absolute abundance of heavy elements. We do this with the following approach.
Adopting the T hi and T lo as shown in Figure 8 , we use [Fe x] 1028 and [Fe xii] 1242 as the proxies for the low-T e gas and Fe xvii 1153 and [Fe xviii] 974 for the high-T e gas. Therefore, eliminating the dependence on elemental abundance by assuming it is the same in the two temperature regions, the ratio of EM lo =EM hi can be calculated as
Once EM lo =EM hi is determined, the high-T e and low-T e components for the intermediate-T e lines can be calculated analytically. The results show that the low-T e component (which varies with height) contributes around 60%, 60%, 70%, 50%, 25%, and 65% for Ly, Ly, [Ar xii] 1018, Si xii 499, Fe xv 481, and [Ni xiv] 1034, respectively.
The absolute elemental abundance relative to its photospheric value can then be calculated by
as well as the emission measure at the two temperatures. Note that I line and I Ly refer to the collisional component of the lines. Table 3 lists the absolute elemental abundances at 1.22, 1.3, 1.4, 1.5, and 1.6 R and compares them with other compilations of photospheric values (Allen 1973; Grevesse & Sauval 1998; Holweger 2001) , coronal values (Meyer 1985) , and those measured by Raymond et al. (1997) in an active region streamer near solar minimum at 1.5 R . Also listed are the results from the grating scan and the '' Mg '' data (see Thus, the Ni abundances below 1.35 R should be taken as the lower limit. Figure 10 plots the abundances relative to their photospheric values versus their FIPs. The photospheric values are from Grevesse & Sauval (1998) except for Ne and Ar, which, as noted in Grevesse & Sauval (1998) , are not derived from the photosphere but from sunspots, the solar corona, and solar wind particles. We thus use the values of Allen (1973) for Ne and Ar. Note that using different photospheric values for Figure 10 causes some variations in the plot (see Table 3 ). We can see that the FIP effect is present at all heights. Furthermore, the abundance generally decreases with height in a systematic way. This can be partly explained by the gravitational settling effect in closed loop regions, which we discuss in more detail in the next section. Figure 11 plots the emission measures versus height for the two-temperature materials. The emission measure derived from the Yohkoh/SXT observations is also plotted for comparison. As mentioned in x 3.4, we use the abundance values derived above as the input to the Raymond & Smith (1977) code for deriving the electron temperature and emission measure for the Yohkoh data. Since there are no measured values for C and Mg, we use the abundance relative to solar of O for C, and that of Si for Mg. The Yohkoh/ SXT emission measure is close to both the low-T e and high-T e gas derived from the UVCS data. The discrepancy is larger toward higher heights and can be partially attributed to larger uncertainty in SXT data near the edge of the SXT images.
The stray-light subtraction affects the abundance results because of its substantial contribution to the Ly line, especially at heights below 1.5 R (more than 40%). The difference between the two subtraction methods discussed in x 3.1 on the Ly intensities, and hence the abundances, is about 30%, with the adopted method (i.e., all quiet-Sun stray light) giving lower abundances (because of smaller Raymond et al. 1997. h Up to a factor of 2 uncertainty due to uncertainty in the electron density (see x 3.6). i Not derived from the photosphere, but from sunspots, solar corona, and solar wind particles (Grevesse & Sauval 1998) . j Derived from Ca x 558.
subtraction of the Ly stray light). The differences in the abundances also propagates to the resulting values of the emission measure. For example, higher abundances (when considering the active region component in stray light) result in a lower emission measure so as to produce the observed line intensities. Not surprisingly, we find that the SXT results in the emission measure are correspondingly lower as well (with T e about the same), yielding similar agreement with the UVCS results.
Electron Density
The electron density can be estimated from the ratio of the radiative and collisional components of the O vi 1032 line (Noci, Kohl, & Withbroe 1987; Parenti et al. 2000 
where n e is the electron density, T e is the electron temperature, ¼ 1:032 Â 10 À5 cm, which corresponds to a transition energy of E ¼ 1:9251 Â 10 À11 ergs, I disk,O vi 1032 is the adopted disk intensity as discussed in x 3.1, g g ¼ 1:13 is the Gaunt factor, D ex ¼ 0:10 Å is the e À1 width of the exciting lower atmospheric line, and D cor ¼ 0:18 Å is the e À1 width of the coronal absorption profile, which we adopt from the measured O vi 1032 line profiles. The quantity ðR =rÞ 2 hðrÞ ¼ 2f1 À ½1 À ðR =rÞ 2 1=2 g is the solid angle subtended by the solar disk at distance r.
The electron density can also be estimated from the Ly intensity and the calculated emission measure. In the absence of outflow, the Ly intensity (photons s À1 cm À2 sr À1 ) can be expressed as (Noci, Kohl, & Withbroe 1987) 
where Y H 0 is the ionic fraction of neutral hydrogen, which is a function of the electron temperature, n H L $ R n H dl, I disk,Ly in ergs s À1 cm À2 sr À1 is the adopted disk intensity as discussed in x 3.1, and D $ 0:69 Å is the e À1 width of the observed Ly line. Combining with the derived emission measure in x 3.5, EM ¼ R n e n H dl $ n e n H L, the electron density can then be estimated by EM=n H L. For the Ly line, we also need to separate its low-and high-T e components assuming 60% comes from the low-T e gas (see x 3.5). Figure 12 plots the resulting electron density versus height from both methods, which can be seen to differ by a factor of $3. The discrepancy may be partly due to the approximation made in deriving the above equations. It may also be due to the uncertainty in the assumed disk intensity because the derived electron density is strongly dependent on I disk . Note that the electron densities from the low-and high-T e components are close together, similar to the emission measures (Fig. 11) . This shows the consistency of our method of analysis. Also plotted in Figure 12 is the electron density from equation (9) using the quiet-Sun I disk,O vi 1032 (OVI 1032,QS: bottom dashed curve) and that from equation (10) using the active region I disk,Ly (LyA,AR: top dashed curve) of Vernazza & Reeves (1978) . The LyA,AR curve takes the average of the low-and high-T e components. Since there is no better estimate of what the actual disk intensity should be for this observation, they serve as crude lower and upper limits of the electron density estimated from these methods. However, we note that the electron It has, however, very little effect on the derived electron temperature. In this study, we assume n e $ 10 8 cm À3 at all heights. For electron densities ranging from 10 7 to 2 Â 10 8 cm À3 , the change in the elemental abundance ranges from 50% lower to a factor of 2 higher for S (based on the CHIANTI database, Version 3.01; Dere et al. 1997 Dere et al. , 2001 ). The difference is less than 20% for other lines.
3.7. Grating Scan and '' Mg '' Data Table 2 also lists the line fluxes for the grating scan and the '' Mg '' data sets. The observed heights are $1.58 and $1.48 R for the grating scan and the '' Mg '' data, respectively, after the mirror-grating cross talk and pointing correction. The line ratios from the grating scan data also indicate a two-temperature structure. Following the same method of analysis, we obtain log 10 T lo ¼ 6:20 and log 10 T hi ¼ 6:55 with EM lo ¼ 8:3 Â 10 25 cm À5 and EM hi ¼ 4:0 Â 10 25 cm À5 . Since there are not enough lines to determine the electron temperature and the two-T e components of the emission measure in the '' Mg '' data set, we use those at 1.50 R of the radial scan data to derive the abundances. The elemental abundances from these data are listed in Table 3 . The lines used for calculating the abundances are the same as those for the radial scan data, except that Ca x 558 is used for Ca in the grating scan data. Note that we are able to derive Al abundance from these data. In general, the results for these two data sets are consistent with those from the radial scan. Time variations (these observations were taken in the course of 24 hours) may be the cause for some larger discrepancies.
DISCUSSION AND SUMMARY
We have studied the corona above an active region complex at the southeast limb on 1998 April 6-7 from 1.22 to 1.60 R . We have shown that this part of the corona can be characterized by an electron temperature higher than that in the usual quiet-Sun corona and streamers. The hightemperature emission is concentrated around P:A: ¼ 120 AE 5 . Detailed analysis indicates that the temperature distribution in this high-temperature region is mainly clumped around two values, one at $1:5 Â 10 6 K and the other at $3 Â 10 6 K. The lower value is similar to that found in the quiescent streamers. The higher value is most likely to be associated with these active regions. Therefore, the twotemperature distribution is likely to come from two sources of material overlapping along the line of sight.
We choose to use a discrete two-temperature distribution. The elemental abundances and the emission measure at both temperatures can then be calculated in an analytical way. Our analysis shows that the FIP effect is present at all heights, and the abundance decreases with height for all the elements. The FIP bias of about a factor of 4 is typical of the slow solar wind (e.g., Geiss, Gloeckler, & von Steiger 1995) . Schwadron, Fisk, & Zurbuchen (1999) modeled the elemental fractionation at the foot of large coronal loops and found that MHD wave heating is able to provide both mass-independent fractionation and low-FIP bias in coronal loops. The materials stored in the closed loops are then released by reconnection with adjacent open field lines and form the slow wind, carrying FIP bias with them. A plausible explanation for the decreasing abundances at larger heights is gravitational settling. UVCS observations of an equatorial streamer at 1.5 R during solar minimum showed abundances between 0.1 and 0.3 of the photospheric values, and this was interpreted as settling of the heavier elements in closed magnetic loops (Raymond et al. 1997 ). SUMER observations of a different quiescent streamer showed not only abundances declining with height, but also a more rapid decline of iron than silicon, supporting the gravitational settling hypothesis (Feldman et al. 1998b ).
The observations presented here differ from those of Raymond et al. (1997) and Feldman et al. (1998b) in that the temperature of the hot component is twice as high, and the active region is evolving on a timescale of weeks, while the solar minimum equatorial streamer was stable for many months. The analysis above shows abundances relative to H declining by factors of 2-4 between 1.2 and 1.6 R , suggesting a scale height of about a few 10 10 cm. There is no obvious dependence on mass. One possible explanation for the large scale heights of heavy elements might be wave pressure or turbulence, but the nonthermal line widths of $25 km s À1 for coronal lines (Frazin et al. 1999) are not really adequate. Another possibility is time dependence. The settling times of the ions are roughly 1 day (Raymond et al. 1997; Lenz, Lou, & Rosner 1998) , which would require that plasma cycle through the magnetic loops with a timescale of a few days. A third possibility is that the apparently static gas is flowing outward, and oxygen and other ions are pulled along by ion drag (e.g., Ofman 2000) . This option would suggest that very highly ionized plasma would be [10]) for the low-T e (solid curve with filled downward triangles) and high-T e gas (solid curve with filled upward triangles) and the O vi 1032 radiative and collisional component ratios (eq. [9] ; solid curve with filled squares). The top dashed curve (with open circles) is from eq. (10) (low-and high-T e averaged) but with Ly disk intensity for the active region from Vernazza & Reeves (1978) . The bottom dashed curve (with open squares) is from eq. (9) but with O vi 1032 disk intensity for the quiet-Sun region from Vernazza & Reeves (1978) . These two dashed curves serve as crude upper and lower limits to the n e estimate.
observable by the Advanced Composition Explorer at times corresponding to the passage of these active regions. The decline in abundance with height would also suggest an increase with height in the ratio of outflow speed of the elements to the speed of hydrogen.
We compare our results from UVCS observations with those from Yohkoh/SXT. The electron temperature versus height derived from the SXT data is consistent with the high-T e values from UVCS. This is reasonable, since the response of the SXT data is strongly weighted toward emission from high-temperature gas. The emission measures derived from SXT are also consistent with the UVCS results. Note that it is important to use consistent elemental abundances to calculate the electron temperature and especially the emission measure from the SXT data. Using different sets of abundances (e.g., photospheric vs. coronal, coronal with FIP effect with enhanced vs. depleted low-FIP elements) may give significantly different results.
We compare our results with those from Ciaravella et al. (2002) , in which the data were taken above the same active region complex half a solar rotation before. We find that the absolute abundances are in general smaller in our data. This may indicate that as the active regions evolve with time, the loops become more static and the materials stored within are gradually settled gravitationally. The same active region complex was observed one-half solar rotation later by Schmelz et al. (2001) , who used SOHO/CDS to study an individual loop that extended about 0.2 R above the limb. They found broader emission measure distributions that peaked at lower temperatures than the high-T e peak we find in our analysis, suggesting that the active region cooled. Schmelz et al. (2001) do not determine absolute abundances, but they fit their data with a set of abundances having an FIP bias of about 3, slightly lower than what we find here.
Our '' discrete two-T '' approach may not be as accurate a way of describing the true temperature distribution as the more complicated way of using the differential emission measure (DEM). However, we believe that the major results presented in this paper should not change qualitatively. In fact, using the DEM method with the calculated abundances and emission measure distribution dominant at the calculated temperatures, we find the resulting line intensities in very good agreement with the observed values. The advantage of this two-T e approach is to minimize free parameters and derive physical parameters for all heights in a systematic way. Our assumption that the elemental abundances are the same at both temperature regions may not be the true case. If they are significantly different, we should expect to see that the derived elemental abundance for low-T e lines (e.g., [Fe xii] 1242) and high-T e lines (e.g., [Fe xviii] 974) are also significantly different, which we cannot conclude within the uncertainty of our results. Note that the effect of gravitational settling depends on the electron temperature (Lenz, Lou, & Rosner 1998) . However, by comparing the average abundance of Fe x and Fe xii with the average abundance of Fe xvii and Fe xviii, the range of decreasing abundances with height is about the same at both temperatures.
Elemental abundance is a powerful tool in understanding the coronal origin of the solar wind, especially for the slow wind, whose coronal origin is still under investigation. This could be accomplished by comparing the elemental abundances in the corona and those in the slow solar wind measured in situ. Previous and present work have shown that the FIP effect (which is based on relative abundances of low-FIP to high-FIP elements) exists in streamers and active region loops. However, the absolute abundances change with height and across structures. Therefore, absolute abundances, and not just the FIP effect, should be a more relevant parameter in understanding the coronal origin of the solar wind. This work is supported by NASA grant NAG 5-10093. SOHO is a joint mission of the European Space Agency and United States National Aeronautics and Space Administration.
